(p = 0.020). Overall, caries risk reduced significantly in intervention versus control over 2 years (baseline adjusted generalized linear mixed models odds ratio, aOR = 3.45; 95% CI: 1.67, 7.13). Change in MS bacterial challenge differed significantly between groups (aOR = 6.70; 95% CI: 2.96, 15.13) but not for LB or F. Targeted antibacterial and fluoride therapy based on salivary microbial and fluoride levels favorably altered the balance between pathological and protective caries risk factors.
of tooth loss . Despite the major advances of water fluoridation and fluoride dentifrice use, a segment of the population remains at risk of caries progression in all age ranges [Chauncey et al., 1989] .
The carious process is recognized as a balance between protective factors (fluoride, calcium, phosphate, saliva and antibacterial agents) and pathological factors (cariogenic bacteria, dietary habits -especially frequent ingestion of fermentable carbohydrates, and lack of saliva) [ten Cate and Featherstone, 1991; Featherstone, 2004] . Most caries now resides in 25-40% of the adult population [Macek et al., 2004] . Therefore, ideally, correctly assessing caries risk will lead to a therapeutic treatment regimen for effective management of dental caries [Klock et al., 1989; Leverett et al., 1993a, b; Bader et al., 2001 Bader et al., , 2005 . With accurate risk assessment, noninvasive care modalities, including chlorhexidine antimicrobial and fluoride rinses [Luoma et al., 1978; O'Reilly and Featherstone, 1987; Billings et al., 1988; Krasse, 1988] , can be applied with confidence and invasive restorative procedures (if needed) can be more conservative, preserving tooth structure and better benefiting patient oral health [Featherstone et al., 2003; Featherstone, 2004] . No practical caries risk assessment methodology has been proven in a controlled randomized clinical trial using a systematic caries management plan.
In the present controlled clinical trial a combination of salivary levels of mutans streptococci (MS, including Streptococcus mutans and Streptococcus sobrinus ), lactobacilli (LB) and fluoride (F) was used to assess caries risk and thereby determine caries management. The overall study objective was to provide clinical evidence that the use of scientifically based caries risk assessment with aggressive preventive measures and conservative restorations will result in reduced 2-year caries increment compared to traditional care provided at the UCSF School of Dentistry during the trial.
Patients and Methods
The overall study design is illustrated by the flow diagram in figure 1 and described in detail as follows.
Subject Criteria and Screening
Before initiation, the University of California, San Francisco, Committee on Human Research (institutional review board) approved this study. New patients presenting to the School of Dentistry Student Dental Clinics for their first oral health examination were recruited to participate if they met eligibility criteria. The inclusion criteria were: ability to speak and understand En glish, 18 years of age or older, planned to stay in the immediate area for the next 3 years, a minimum of 16 teeth, willing to have needed dental radiographs every 2 years, at least 1 and up to 7 cavitated carious teeth, no root caries, no moderate or severe periodontal disease needing periodontal surgery or chemotherapeutic agents, and voluntarily provided written informed consent. Exclusion criteria were significant past or current medical history of conditions that may affect oral health or oral flora (i.e., diabetes, HIV, heart conditions that require antibiotic prophylaxis), use of medications that may affect the oral flora or salivary flow (e.g., antibiotic use in the past 3 months, drugs associated with dry mouth/xerostomia), complex dental need, or frequent periodontal maintenance, another household member participating in the study, and drug or alcohol addiction, or other conditions that may decrease the likelihood of adhering to the study protocol.
Potential subjects were informed of the study by general announcements to the dental school provider community, posted signs, and newspaper advertisements. Fig. 1 . Experimental flow diagram of subjects. Visit S1 was the baseline radiographic and clinical examination, S2 was the initiation of treatment, S3 was the restorations complete visit (RC), S4 through S6 were recalls at 6-month intervals and S7 was the final recall radiographic and clinical examination.
lowed for 2 years after all initially needed restorations were completed.
An independent dental examiner, who did not provide treatment, conducted the first round of clinical and radiographic exams to assess caries status [NIDR, 1991] . Paraffin-stimulated whole saliva samples were collected at that time to determine the bacterial challenge and fluoride level (F). The subjects were then randomized to control or intervention treatment (I) groups; randomization tends to balance measured as well as unmeasured baseline factors [Fleiss, 1999] . The saliva samples were analyzed for both groups to determine bacterial levels of MS, LB and total F. Overall risk status ( table 1 ) was determined as low or high based on the bacterial challenge (combination of MS and LB) and F values ( table 1 ) . Cutoff levels for bacterial challenge were based on log 10 MS (low ! 4, medium = 4-5.9 and high 6 6), and log 10 LB (low ! 1, medium = 1-2.9 and high 6 3). Cutoff levels for F were low ! 0.03, medium = 0.03-0.079, and high 6 0.08 ppm. There is a general dearth of evidence for particular cutoff levels. We chose the bacterial challenge levels based upon previously published studies over several years by Krasse [1988] and the two published studies by Leverett et al. [1993a, b] . The fluoride levels used were those found in the studies by Leverett et al. [1993a, b] to be related to caries levels. Further, a subsequent 6-year clinical trial (unpublished by Featherstone and Billings) provided an additional data set that helped us to develop the caries risk tables.
Randomization
A permuted block randomization with varying block size (4-16) stratifying on clinic day was generated (SG). The stratified list was provided to the clinical trial coordinator, who assigned participants in each stratum in sequential order to treatment group. Sequence was concealed from participants and clinical staff until assignment.
Blinding and Study Conduct
Due to the nature of the intervention, complete blinding/ masking in this study was not possible. Neither participants nor clinicians could be blinded to study group, since placebo rinses were not employed. For the control group, study participants and their dental providers were blinded to assay results until study completion. The subjects in the control group received the usual standard of dental care provided in the UCSF predoctoral dental student clinics as if they were not part of a study. Control group subjects were asked not to inform their dental care providers about being in the study so they would be treated like other clinic patients. To limit information bias and to have the control group reflect the current standard of usual care this step was necessary.
For the intervention group, assay results were used to classify the participants into two categories based on their caries risk status. Dental providers of subjects in the intervention group were informed of assay and risk classification results. A specific dental care intervention regimen for each risk status category (see below) was implemented by providers specially trained to participate in this study.
At the completion of initial treatment for caries (defined as caries removal and restoration), a saliva sample was assayed from participants in both the intervention and control groups. Assay results for the intervention group were used to determine if the participants' risk category had changed. If the risk status remained high, additional intervention was provided.
All subjects were recalled at 6-monthly intervals for further saliva sampling after initial caries treatment was completed. The risk status in the intervention group determined whether further intervention was necessary. In the control group, there were no special encouragements for additional periodic oral exams, radiographs or dental prophylaxis. Further restorative treatment was conducted as usual, i.e., as providers deemed it necessary. This process continued for the entire study.
Two years after completion of initial restorative treatment, all subjects received a study recall appointment. Salivary assays were collected from all participants, prophylaxis provided, and dental examinations were conducted by the same independent, masked dental examiner ( fig. 1 ). Participants were instructed not to tell the examiner their group assignment.
Measurement of Demographics
The existing clinic computerized patient electronic health record system and case report forms were used to record subjects' demographic variables of age, gender, race/ethnicity, county of residence, education, oral hygiene habits, oral health locus of control, insurance status, medical history, dental history, clinical diagnostic variables (caries diagnosis), treatment variables, explanatory variables (i.e. number of visits, time between visits), city and contact information. Each subject provided a sample of whole paraffin-stimulated saliva at the commencement of the study (visit S1), after caries restorations were placed (visit S3) and every 6 months thereafter for the duration of their participation in the study (visits S4-S7, fig. 1 ). At visit S2, providers conducted a comprehensive oral examination and treatment plan. In addition, subject information was obtained by questionnaire at each saliva collection visit: changes in medical history, changes in (cariogenic) diet, medications taken since the last saliva collection (especially antibiotics, or those that may have affected salivary flow), changes in fluoride exposure (change in toothpaste, mouth rinse, residence, diet), dental treatment received outside of dental school, and any history of injuries to teeth.
Saliva Sampling Procedure. Whole stimulated saliva was collected for assessment of MS, LB and total F. Each subject chewed on two 1 ! 1 inch squares of wax sheet (Parafilm) and 2-3 ml of saliva was expectorated into a prelabeled sterile 15-ml centrifuge tube. Saliva samples were chilled on ice for transport to the microbiology laboratory (5 min from the clinics).
Radiographic Examination. Conventional use of radiographs (bitewings and selected periapicals) were utilized for all subjects (control and intervention groups) at the beginning and end of the study, and as deemed necessary by the providers in the course of normal clinical treatment. Standardized dental radiographs were obtained using calibrated precision instruments by trained providers or qualified radiology technicians. According to accepted guidelines for radiographic assessment, this population was expected to have indicated bitewing radiographs every 24 months (beginning and end of the study).
Final Examination (Visit S7). Two years after each subject had completed his/her initial caries treatment a final independent, blinded exam was conducted by the same examiner who completed the initial baseline examination. Final caries status was assessed, an exit questionnaire administered, and a final saliva sample was taken for analysis.
Treatment Groups Control (Conventional Treatment).
Conventional dental care was provided by two control teams of dental students and their faculty dental providers. Participant treatment plans included plans for initial caries removal and restoration, and continued care needs for the duration of the study. After this initial caries restorative treatment was completed, the study coordinator scheduled the subject for a salivary assay. Dental care continued as usual in the clinic and no specific study-related recruitment for any procedures occurred with the exception of salivary assays. The subjects received a dental prophylaxis and needed radiographs at the end of the study. The prophylaxis, final radiographs and salivary assays were provided at no charge to the participants.
Intervention (Preventive Intervention Treatment).
Intervention dental care was provided by two teams of dental students and their faculty dental providers. After randomization, clinicians were informed of the participant's caries risk status. Each subject received a treatment plan based on their high or low caries risk status as determined by the results of the assay. Frank cavitated carious lesions were restored. Radiographic interproximal lesions at least in the outer one third of the dentin with confirmed clinical cavitation were restored. Caries treatment was minimally invasive. Sealants were placed on unrestored occlusal surfaces that had incipient carious lesions or were likely to become carious.
High Caries Risk Intervention. These participants received a topical NaF gel application (1.1% NaF) during the clinic visit, counseling on reducing frequency of carbohydrate ingestion, the need for daily use of fluoride dentifrice, and the need for compliance. They were given a toothbrush and 1,100 ppm F (as sodium fluoride) toothpaste and instructed to brush daily at home. Subjects were prescribed a 0.12% chlorhexidine gluconate mouth rinse to be used daily (1 min) for 2 weeks, to be repeated every 3 months. After the 2 weeks, another salivary assay was conducted to determine if the bacterial challenge had been reduced. If the bacterial challenge remained high an additional 2-week chlorhexidine treatment was prescribed. Subjects whose bacterial challenge remained high subsequently used the chlorhexidine rinse for the first 7 days of each month, instead of the 2 weeks every 3 months regimen. After completing the days of the chlorhexidine regimen, the participant was instructed to begin using a fluoride rinse (0.05% NaF) for 1 min daily until the next salivary assay. Participants were asked to use the rinses at night prior to going to sleep. If the salivary assay taken at the next visit indicated that the participant was at a lower risk, the subjects' intervention was altered to match their risk status.
Low Caries Risk Intervention. Subjects having low caries risk/ low bacterial challenge did not receive chlorhexidine therapy. Subjects received counseling on reducing frequency of carbohydrate ingestion, the need for daily use of fluoride dentifrice, and the need for compliance. They were given a toothbrush and 1,100 ppm F (as sodium fluoride) toothpaste and instructed to brush daily at home.
Measures of Compliance
For both groups, records were kept of all missed and canceled appointments for dental treatment and collection of assays. Subjects in the intervention group using chlorhexidine and/or fluoride rinses were monitored by the study coordinator 1 week after the appointment (and regularly thereafter) and asked about compliance and arranged for subjects to obtain more antimicrobial and fluoride rinses as needed. The intervention participants were asked to keep a log of the days that they used each rinse, and to bring rinse bottles with them to the salivary assay collections so they could be refilled or replaced. The amount of rinse in the bottles was measured by the study coordinator.
Outcome Measures
The primary outcome measure was the caries increment (change in number of decayed, missing and filled surfaces, ⌬ DMFS). Secondary outcome measures were (a) caries incidence and (b) changes in the number of decayed, missing or filled teeth, ⌬ DMFT, (c) changes in the number of decayed teeth, ⌬ DT, (d) changes in the number of decayed surfaces, ⌬ DS, (e) caries risk status, (f) MS and LB challenge, and (g) F levels.
Sample Size
Sample size to yield 90% power to detect a difference in the caries incidence between two proportions of 0.60 and 0.30 estimated that 122 subjects (61 in each treatment arm) were needed at the end of the study. Anticipating 20% attrition between enrollment and restoration complete and 30% attrition throughout the 2-year follow-up, the target sample size was increased accordingly. Power was anticipated to be greater for caries increment ( ⌬ DMFS).
Data Analysis
The primary analyses used the intention-to-treat approach, using participants in the groups to which they were randomized to limit intentional and unintentional biases as well as to establish a basis for statistical analyses [Koch, 1988; Friedman, 1998 ]. A multivariable logistic regression model score test assessed the relationship of baseline variables with randomization group. Fisher's exact test compared retention at the final exam between the two randomization groups.
The primary treatment efficacy test planned was a minimal assumption nonparametric extended Mantel-Haenszel 2 (EMH 2 ) test comparing person-level 2-year caries increment of each treatment group adjusting for age (categorized by sample quantiles). However that test assumes missing data are missing completely at random [Molenberghs et al., 2004] . Generalized linear mixed models (GLMMs) only assume data are missing at random [Molenberghs et al., 2004] , so GLMM is an intention-to-treat method.
Changes in caries indices result in skewed distributions with many zeros, so zero-inflated Poisson (ZIP) mixture models [Bohning et al., 1999] were used to assess non-negative changes in caries indices adjusting for baseline age and time between comprehensive oral examination and restoration complete ( ⌬ DT and ⌬ DS were analyzed as -⌬ DT and -⌬ DS, since almost all participants had negative change scores; ⌬ DMFT, -⌬ DT, and -⌬ DS were analyzed with the few negative values recategorized as zero change for ZIP models). ZIP models tested a difference between intervention and control groups in caries index mean as well as a difference between intervention and control in proportion with no change in caries index (i.e. excess zeros). A GLMM with logit link and random person effects to compare randomized treatment groups in binary caries status over time with a time-bygroup interaction was used as the primary efficacy test. To test changes in risk (low or high) and bacterial challenge levels (low, medium, or high) over time, logit or cumulative logit (proportional odds) GLMMs with random person effects (accounting for correlation within person over time) were used adjusting for baseline risk level; 95% confidence limits from GLMMs were estimated by bootstrapping the model predicted values (1,000 resamples). Predictor variables of overall risk, MS challenge, LB challenge and F levels were tested with these models. We adjusted for age and time between comprehensive oral examination and restoration complete as covariates in the GLMM and the Poisson portion of the ZIP models.
Results
The ratio of inquiries:subject enrolled was 10: 1. The ratio of screened:enrolled was 4: 1. The largest proportion of volunteers came from providers' direct recruitment efforts and local newspaper advertisements. A total of 231 subjects were enrolled in this study, 115 randomized to control and 116 to intervention group. Further, 52 (45%) subjects in the control group and 60 (52%) in the intervention group remained in the study through the 24-month follow-up period (Fisher's exact test p = 0.358). Three subjects in the intervention group at the final visit were sampled for saliva, but the clinical examination was not completed. The largest loss in follow-up occurred between S1 and S3 with subjects reporting their inability to pay for and complete their restorative treatment plans. Subject retention at each stage of the study ( fig. 1 ) is tabulated in table 2 .
There was no statistically significant difference between control and intervention groups for baseline demographic, oral health-related behaviors and locus of control characteristics (score test 2 = 67.1, 56 d.f., p = 0.148) ( table 3 , columns 2 and 3), which is consistent with randomization providing appropriate enrollment balance. Seventy-three percent of participants lived in optimally fluoridated San Francisco. Baseline characteristics between the groups for those seen at study completion are also shown in the table 3 (columns 4 and 5), demonstrating that the groups that were comparable at baseline following randomization remained comparable at the end of the study when the primary outcome measure was assessed. The model testing balance in baseline characteristics between these two groups for those who completed the study was nonsignificant (score test 2 = 59.8, 55 d.f., p = 0.305).
With respect to toothbrushing there were 13 participants in the control group and 12 in the intervention group who reported changing toothpaste brands at a visit between S3 and S7 (some reported changing more than once). There were 6 participants in the control group and 7 (8) 15 (17) 10 (5) 16 (9) Drank alcohol in past week, % (n)
53 (61) 50 (57) 50 (25) 47 (27) Smoked cigarette ≤30 days, % (n)
29 (34) 27 (31) 11 (6) 14 ( There were no significant differences between control and intervention groups in baseline characteristics ( table 3 ). The mean years between baseline and RC, baseline and final visit were not significantly different between intervention and control groups. Similarly, there were no significant differences in clinical characteristics in intervention and control at the baseline examination ( table 4 ) .
Examiner reliability was measured with repeat observations. Repeat examinations (n = 33) showed excellent reliability [Lin's concordance DMFT 0.93 (95% CI; 0.971-0.995) and DMFS 0.996 (95% CI; 0.993-0.999)]. As the outcome variables were caries indices which are non-negative integers (discrete counts) measured at the participant level, a proper way to assess reliability for variables measured 2 times on such a scale is Lin's concordance correlation coefficient [Lin, 1989; Shoukri, 2010] . (Weighted) kappa statistics were not used since they are for nominally (or ordinally) scaled variables with the additional assumption that each entity categorized by a rater at the 2 times is independent of each other entity; having multiple tooth surface scores per person violates the independence assumption.
The mean (SE) number of years between baseline and restorations complete visits was 1.0 (0.07) and 1.0 (0.08) for control and intervention, respectively. The mean (SE) number of years between baseline and final visits was 2.8 (0.10) and 3.0 (0.10) for control and intervention, respectively.
The study coordinator recorded compliance based on returned intervention product for 54 of the 57 participants in the intervention group who had a final caries examination, rating 80% of them as being fully compliant and 20% partially compliant.
Clinical Outcomes
For the primary analysis, there were no significant differences in ⌬ DMFS, ⌬ DMFT, ⌬ DS, or ⌬ DT between con- EMH 2 is an extended Mantel-Haenszel test of the index values adjusted for baseline age quartiles. ZIP model is a zero-inflated Poisson mixture model of the indices adjusted for age and time between baseline comprehensive oral examination and restoration completion; for ⌬DMFT the 5 people with negative changes were recategorized as having zero change, while for ⌬DS and ⌬DT, -⌬DS and -⌬DT were used with 5 and 3 people, respectively, recategorized as having zero change, since ZIP models require non-negative response variables. All subjects had D >0 at baseline.
trol and intervention using the EMH test based upon the raw data. However, for all of these parameters the intervention group had lower (but not statistically significant) mean values than the control group. In the secondary analysis comparing caries incidence by the use of the Mantel-Haenszel test (p 6 0.324), there were no significant differences between intervention and control groups ( table 5 ) .
Caries Risk, Microbiology and Fluoride
Overall, the intervention significantly reduced caries risk category as compared to the control group over the study period from baseline through RC and each subsequent visit, before ( table 6 , OR = 3.25, p = 0.004) and after adjusting for baseline risk (aOR = 3.45, p = 0.001). There was a very strong significant difference in MS bacterial challenge between groups over time (OR = 6.60, p ! 0.001; aOR = 6.70, p ! 0.001) favoring the intervention group. There were no significant differences before or after adjusting for baseline in LB (p 1 0.304) or F (p 1 0.627) between intervention and control groups ( table 6 ). Figure 2 depicts the changes in the percent of subjects with (a) high caries risk, and (b) medium or high MS bacterial challenge from baseline through 'restorations complete' (RC) and the subsequent 24-month study period. At baseline, 91% of participants in the control group and 94% of those in the intervention group had high overall risk, while 77% of the control group and 78% of the intervention group had high or medium MS challenge. Placing restorations in the control group (baseline to RC) did not significantly reduce the MS bacterial challenge ( fig. 2 , lower panel), nor did placing restorations significantly change caries risk status in the control group ( fig. 2 , upper panel). However, intervention resulted in significantly lower percent of subjects at high risk and high/medium bacterial challenge during the period from baseline to RC ( fig. 2 ) .
Three-dimensional plots ( fig. 3 ) of log 10 MS and log 10 LB versus DS demonstrate a direct relationship between increased DS and medium/high MS and LB at baseline. The intervention and control three-dimensional plots at the conclusion of the study differ in shape, with control being similar to baseline. Both control and intervention groups had much lower DS at visit S7, the final visit ( table 4 , fig. 3 ), but there was no significant difference between the groups.
Discussion
Our primary hypothesis was that altering the caries balance by reducing pathological factors and enhancing protective factors, namely antimicrobial and fluoride rinses, would reduce caries risk and result in fewer carious lesions. The study was a randomized prospective clinical trial to test the efficacy of caries management by Table 6 . G roup comparisons in relation to each of the four risks using logit random effects models (for the lower cutoffs); control vs. intervention from RC through each subsequent study visit over the 2-year follow-up period risk assessment. This study was not designed to test a particular product, but rather to determine whether the therapeutic management of dental caries based upon risk assessment (caries management by risk assessment) would lower caries increment. The results demonstrate that altering the pathological/preventive factor balance resulted in significantly lower caries risk and suggested reduced caries increment. Our results are generalizable to adults with high caries risk. Because the subjects in our study came from our predoctoral clinics, they have a wide demographic, representative of the population receiving dental care. The study interventions and procedures were completed by students and faculty over a number of years, so there was a wide variation in clinicians, further increasing the generalizability of the results. It is conceivable that a few highly trained clinicians would have had even better results, but the generalizability would have suffered.
Having multiple student/faculty provider teams (control and intervention) over the course of the study may have led to two sources of bias. First, because control provider teams were in a dental school setting, they may have learned about caries management and recommended preventive interventions to their patients. Given that the study was conducted before changes in the curriculum regarding caries management occurred, it is unlikely that this was a large effect. The second bias may have been with the intervention group. Given that students graduate, multiple provider teams were used over the course of the study. Efforts to calibrate student and faculty providers in the intervention group may not have been as successful as we had planned, in comparison to a tightly controlled clinical trial with a smaller number of providers. The two sources of bias described would decrease the difference in caries increment between control and intervention groups and increase the generalizability of the study. A further consideration is the relatively high dropout rate between baseline and restorations complete as shown in table 2 . The number of dropouts was comparable between intervention and control groups. The reasons given were that the subjects could not afford to pay for the restorative treatment, even though they were made aware of this during the consenting process. However, they could not know specific costs until the regular dental examinations were completed in the clinics. The study paid for items and procedures related to the study but not for routine dental care needed by the patients. These dropouts resulted in lower than planned numbers in the study, even though we had allowed for larger than usual attrition. Retention after restorations complete was excellent in both groups. Another limitation which is common to most longterm studies with humans is that we had to rely on participant self-reports of oral hygiene habits, which is subject to social desirability bias since most people know they should brush their teeth twice a day and floss every day and will report their habits as such even if they do not. However, we have no reason to believe that such a bias would be differential between the groups. Although the intervention group subjects were supplied with fluoride toothpaste and requested to brush daily we suspect that most did not change their habits. A small number in each group reported changing their toothpaste or frequency of use, however, the number of participants who reported changes in toothbrushing were quite similar in each group.
Compliance for the use of the rinses was assessed as described in the 'Materials and Methods' and 'Results' sections above and the use of the chlorhexidine rinse was manifested in major reductions in the levels of MS.
Most subjects in the study were high caries risk and high bacterial challenge. During the study, the intervention group had a significant overall reduction in MS bacterial challenge as compared to controls. Caries removal and restoration alone did not statistically significantly change bacterial challenge or caries or risk in either group. The use of an antimicrobial rinse, chlorhexidine, in conjunction with restoration, did reduce the bacterial challenge. The lack of a significant increase in mean salivary fluoride concentration in those subjects in the intervention group who were provided with the NaF rinse may indicate that they were not fully compliant with fluoride rinsing. It may be that the daily 0.05% sodium fluoride rinse was not a sufficient dose for this high caries risk population. The use of 5,000 ppm fluoride dentifrice twice a day or periodic fluoride varnish application may give greater protection, but were not tested in this study.
We expected that a reduction in overall risk and reduction of bacterial levels would be associated with lower numbers of decayed surfaces. The three-dimensional plots in figure 3 show that compared to baseline levels and controls, the intervention group at the final follow-up had lower bacterial levels of MS and LB and a trend towards lower DS, although not statistically significant (p = 0.14). Over the course of the study, the intervention group peak profiles changed to lower bacterial levels and lower peak height for decayed surfaces, whereas the control group profiles remained essentially unchanged from the baseline profiles. Looking at the clinical characteristics, there was a reduction in 3 of the 4 measures for the intervention group, change in DMFS, DT, and DS all were lower in the intervention than controls, although not significantly (EMH 2 ). Further analyses used the adjusted ZIP model to test caries increment (change in DMFS). These analyses account for nonlinear distributions of caries indices. Our data had a large number of no change, zeros in the clinical characteristics, given the large number of tooth surfaces measured so a ZIP model analysis was justified. The data analyzed with this model showed that the intervention group had a statistically significantly lower mean than the control group (24%, p = 0.020). Although the study sample was recruited from the target clinic, the 2-year caries incidence was much lower than the historical clinic data, which reduced power to detect significant differences between the groups. Often research participants are healthier than nonparticipants or at least more interested in health promotion and disease prevention, so it is possible that study participants were more motivated to improve their oral health than nonparticipants. This study provides evidence that caries management by risk assessment is beneficial in altering the balance of protective and pathological factors. Caries management by risk assessment as a concept has continued to be adopted and implemented in dental practice [Domejean-Orliaguet et al., 2006; Featherstone et al., 2007; Jenson et al., 2007; Young et al., 2007] .
We conclude that targeted antibacterial and fluoride therapy based on salivary microbial and fluoride levels favorably altered the balance between pathological and protective caries risk factors.
